Aim: The primary objective of this document is to develop practice-based expert group opinion on certain important but less discussed endocrine and metabolic effects of modern sulfonylureas (SUs) and their usage in the management of diabetes mellitus (DM).
INTRODUCTION
Oral antidiabetics (OADs) are oral medications prescribed to patients with type 2 diabetes mellitus (T2DM). Various factors that are considered in the management of diabetes mellitus with oral medications include efficacy, safety, tolerability, and cost. In addition to these factors, when prescribing oral medications, clinicians should also consider other endocrine and metabolic factors that could impact the clinical outcome.
Among the several OADs available, sulfonylureas (SUs) constitute one of the key pharmacotherapeutic agents in the management of T2DM. The latest guidelines published by the World Health Organization (WHO) recommend the use of metformin and SUs as preferred agents for the control of blood glucose levels in patients with DM. But, despite their well-established efficacy profile, the clinical utility of SUs and their place in therapy have become debatable. This may be because SUs are clubbed under one group, although in reality all SUs are different.
Sulfonylureas are classified on the basis of their hierarchy of development as conventional and modern and on the basis of duration of action as short-acting, intermediate-acting, and long-acting [1, 2] .
Modern SUs offer several benefits when compared to conventional SUs. Their efficacy profile is better compared to that of conventional SUs. Moreover, they possess extra-pancreatic effects and are available at considerably lower cost, which makes them one of the drugs/ agents of choice for the treatment of diabetes. Modern SUs also possess certain additional benefits in terms of endocrine effects, metabolic effects, and anti-inflammatory or immunomodulatory effects, which are less discussed.
In the management of DM, a holistic approach encompassing vasculo-metabolic aspects and endocrine facets of diabetes is very important. The concept of glucocrinology focuses on the association of various endocrine glands and diabetes, the role of endocrinopathic drugs in unmasking latent diabetes, and the role of antidiabetic drugs in modulating endocrine disease. The concept of glucocrinology emphasizes the consideration of endocrine aspects in the management of diabetes. It promotes a comprehensive assessment of and aids in the quest for novel targets in the management of DM.
In this context, an initiative by a multinational team of experts aimed to encourage safe and smart prescription of modern SUs while keeping the glucocrinologic aspects of these drugs in mind [1] . This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
METHODS
During a 2-day international meeting, experts reviewed available literature evidence, provided their individual insights based on their experience in the management of DM with primary focus on pleiotropic effects and cardiovascular (CV) benefits of modern SUs, and charted out key opinions. Important topics were discussed by panel members to arrive at expert opinion on standardization of various OADs that could be considered safe and unsafe in the management of patients with DM and CV risk or comorbidity. Drugs that could be considered safe in the use of DM patients with associated endocrinopathies were charted out. The panel members' key discussion points, which were based on scientific evidence and collective clinical judgment from practice, considered as ''clinical expert opinions'' for each of these topics, were developed and have been summarized in this document.
RESULTS

Glucocrinology: Concept of Interplay and Interlink of Glucose Homeostasis and Endocrine Glands
Diabetes mellitus is a complex multifaceted syndrome characterized by a state of decreased insulin secretion and/or insulin resistance with hyperglycemia as the primary abnormality. Several endocrine glands, including adipose tissue, the gastrointestinal endocrine system, pituitary, thyroid, parathyroid, adrenals, and gonads, play an important role in the development of DM. Glucocrinology has been defined as the study of medicine that describes the correlation between glycemia and the endocrine system [3] . The important aspects of glucocrinology are listed below: 1. Endocrinopathies may cause secondary diabetes:
• Acromegaly • Cushing syndrome The concept of glucocrinology emphasizes the importance of endocrinology and role of endocrinologists in the management of diabetes mellitus. It also aids in delivering a comprehensive approach to treatment of persons with diabetes mellitus.
Sulfonylureas: An Established Treatment of DM
Classification of SUs
Sulfonylureas are classified into various categories on the basis of their hierarchy of development and duration of action. In terms of development, SUs are classified into conventional (e.g., glibenclamide) and modern SUs (glimepiride, gliclazide modified release [MR], glipizide MR, and gliclazide). In terms of the duration of action, they are classified into shortacting (tolbutamide), intermediate-acting (glipizide and gliclazide), and long-acting SUs (glibenclamide, glimepiride, gliclazide MR, and glipizide MR) [1] .
Mechanism of Action
Sulfonylureas act by stimulating endogenous insulin secretion via blockade of adenosine triphosphate-sensitive potassium channels (K ATP s) on pancreatic b-cells. Sulfonylureas bind to a common SU receptor (SUR) subunit present on the b-cell plasma membrane causing closure of the K ATP channels and inhibition of K ? efflux, consequently depolarizing the membrane and facilitating influx of Ca 2? ions. This, in turn, stimulates the exocytosis of insulin-secretory vesicle [1] .
Modern SUs (such as glimepiride) stimulate secretion of insulin by binding to a specific site on the K ATP channel of pancreatic b-cells. Modern SUs deploy allosteric inhibition of the SUR complex. The distinct feature of modern SUs leads to a lower inhibition of K ATP channel and, hence, there is a reduced risk of hypoglycemia in comparison to conventional SUs [1] .
Indications of SUs
Sulfonylureas are an effective second-line OADs used in the management of T2DM. Modern SUs may be considered as a treatment option in persons who do not respond to metformin. They are superior to conventional SUs in reducing mortality, bringing better outcomes, and preserving renal function [1] .
Reduced Risk of Hypoglycemia with Modern SUs
Hypoglycemia is one of the most common adverse reactions associated with sulfonylureas. However, modern sulfonylureas such as glimepiride differ from conventional sulfonylureas and are associated with fewer hypoglycemic episodes. This could be attributed to equivalent metabolic control and lower stimulation of insulin levels with glimepiride as compared to glibenclamide [4] . In an international prospective study, diabetic patients treated with glimepiride had fewer hypoglycemic episodes compared to those treated with glibenclamide (105 vs. 150) [2] .
Glipizide and modern SUs are preferred in renal failure patients and T2DM patients who are at increased risk of developing hypoglycemia.
American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) Recommendations for SUs in T2DM Management
Modern SUs confer a lower risk of hypoglycemia and have favorable cost, efficacy, and safety profiles. Sulfonylureas constitute a reasonable choice among glucose-lowering medications, especially when cost is the key consideration. Patient education and use of variable dosing of modern sulfonylureas should be considered to mitigate the risk of hypoglycemia. Glipizide, glimepiride, and gliclazide have lower risk of hypoglycemia compared to conventional sulfonylureas. Sulfonylureas should be used with great caution in patients who are at increased risk of hypoglycemia, such as those with chronic kidney disease and older patients.
Hidden Facets of SUs
Selection of a specific SU should be done on the basis of efficacy, safety, and tissue specificity with respect to the b-cell [5] . Modern SUs exhibit additional benefits over conventional SUs, which guide the choice of treatment in the management of DM. A few of these benefits have been listed below:
Effects on the pancreas
• Modern SUs cause stimulation of pancreatic insulin release [5, 6] . • Modern SUs inhibit glucagon secretion by pancreatic a-cells [7-9].
Extra-pancreatic effects
• Modern SUs reduce insulin clearance in the liver [6] . • Modern SUs increase the levels of adiponectin [7, 9] . • Modern SUs improve insulin sensitivity and decrease insulin resistance in peripheral tissues, thereby offering a glucose-lowering effect [7, 9] .
Hidden Pleiotropic Effects of Modern SUs
Modern SUs have multiple pleiotropic benefits. Some of them are listed below: 1. Immunomodulatory/anti-inflammatory effects
• Modern SUs exert antioxidative effects (by decreasing toxic advanced glycation end-products [AGEs] and receptors of AGEs) [7] [8] [9] . • Modern SUs exert anti-inflammatory effects (by reducing high-sensitivity C-reactive protein, interleukin-6, and tumor necrosis factor-a levels) [7] [8] [9] . • Modern SUs exert anti-angiogenic effects (by reducing plasma vascular endothelial growth factor and fibroblast growth factor-2 levels) [7-9].
Endocrine effects
• Modern SUs also lead to a significant elevation in testosterone levels, resulting in an improvement in sex drive and erectile function in men with T2DM [7] [8] [9] .
• Human chorionic gonadotropin-induced testosterone secretion by Leydig cells is inversely related to insulin sensitivity among men with varying degrees of glucose tolerance. Thus, the lesions resulting in hypogonadism in obesity and T2DM may occur at several levels of the hypothalamic-pituitary-gonadal axis. However, the absence of an increase in gonadotropin concentrations indicates that the primary defect in T2DM and obesity is at the hypothalamo-hypophyseal level. • A study evaluated the impact of sulfonylurea as an initial treatment for hypogonadism in T2DM patients. In the study, the initial dose of oral glimepiride was 1 mg/day and the dose was titrated according to blood glucose levels for 16 weeks. Results indicated that as compared with the healthy control group, the middle-aged men with type 2 diabetes had significantly decreased total testosterone levels and a lower testosterone secretion index.
Other effects
• Glimepiride, a modern SU, is cardiovascular neutral as compared to other SUs. The degree of inhibition of K ATP channels in T2DM patients is less severe during treatment with glimepiride. Therefore, this drug can be safely used in T2DM patients with concurrent coronary artery disease (CAD) [10, 11] . • Another modern SU, gliclazide, has also been associated with reduced risk of hypoglycemic episodes and long-term cardiovascular safety when compared with other OADs in the treatment of DM [12] .
Key recommendations of the international task force
Key recommendations Evidence and/or rationale
Modern SUs (such as glimepiride and gliclazide MR) should be preferred to conventional SUs especially in Low rate of hypoglycemia and weight gain conferred by modern SUs as compared to conventional SUs could be attributed to its lower binding affinity (2-3 fold) and quick association and dissociation with sulfonylurea receptor (SUR proteins). Conventional SUs inhibit the mitochondrial K ATP channels in cardiac myocytes, which contributes to impairment of ischemic preconditioning; however, modern SUs do not exert this effect and preserve myocardial ischemic preconditioning [13] Overweight/obese T2DM patients Modern SUs exhibit several extra-pancreatic effects, apart from glycemic control, and thereby contribute to better clinical outcomes [1] Modern SUs are mainly excreted as unchanged drug or inactive metabolite. Therefore, they may produce less hypoglycemia in patients with renal impairment. Glimepiride has been reported to be safe and effective in diabetic patients with renal impairment [1] The panel suggests that the patients/family members should be educated on the appropriate use (dose, time, route, and adherence) of modern SUs Self-management plan on a day-to-day basis is very important in management of diabetes mellitus. Diabetic education enables the patients to effectively manage the disease without any complications. Self-monitoring of blood glucose (SMBG) at home and self-down-titration of doses in case of hypoglycemia by patients are recommended. The patient should be trained in the safe use of fixed-dose combination (FDC) containing SUs and should be able to detect the hypoglycemic complications. Therefore, patients along with their family members should be educated about the usage of SMBG systems [1] Cardiovascular Effects of SUs
Cardiovascular Phenotype
Definition of Cardiovascular Phenotype Cardiovascular phenotype is the term used by diabetes experts to describe congenital cardiac anomalies as well as vascular and cardiac dysfunction associated with DM. It is a checklist of various clinical parameters to be assessed before therapeutic intervention for the management of DM. The clinical parameters include pulse rate, blood pressure, weight, lipid status, systolic function, diastolic function, orthostatic hypotension, coronary health, cerebrovascular health, and peripheral arterial health [16] .
The concept of cardiovascular phenotype is a useful clinical decision-making tool to help determine appropriate OAD therapy in diabetic patients with high cardiovascular risk, and allows easier assessment of the impact of such therapy on cardiovascular health [16] .
Cardiovascular Phenotype in Diabetes Modern
SUs, such as glimepiride, are found to maintain myocardial ischemic preconditioning with fewer CV side effects as compared to conventional SUs. In addition, modern SUs were not associated with all-cause or CV mortality. They are also not associated with an increased risk of myocardial infarction or stroke. In light of this, modern SUs can be considered cardiac-friendly [1, 14] .
The Clinical Expert Group Endorsed Newer SUs Because of CV Safety Since modern SUs (such as gliclazide MR and glimepiride) are associated with a lower risk of all-cause and CV-related mortality compared to conventional SUs in T2DM patients, the clinical expert group opinion suggests that the modern SUs can be safely used in T2DM patients with CV risk, myocardial infarction, or stroke. A nationwide registry comprising 1310 DM patients with acute myocardial infarction revealed that the mortality was lower in patients previously treated with modern SUs when compared to those treated with other oral medications or insulin [1, 17] . The risk-benefit analysis of the IDF 2017
Key recommendations
Evidence and/or rationale Clinical Practice Recommendations also showed that SUs are associated with neutral effects on the major CV events and congestive heart failure (HF) [18] . patients with T2DM and high cardiovascular risk proved that treatment with canagliflozin resulted in reduced risk of cardiovascular death or hospitalized HF across a broad range of different patient subgroups. Benefits were found to be greater in those patients with a history of HF at baseline [24] .
Influence of Cardiovascular
Efficacy and Safety of Dapagliflozin in
Patients with T2DM and Concomitant HF A study conducted by Kosiborod et al. investigated the efficacy and safety of dapagliflozin in patients with T2DM and HF. Hospitalizations due to HF were found to be rare with dapagliflozin (0.6%) when compare to placebo (4.7%). Point estimates for hazard ratios of composite cardiovascular outcomes also favored dapagliflozin vs. placebo [25] .
OAD Choice and Risk of Myocardial Infarction
Non-statistical Trend in Reduction of Non-fatal Myocardial Infarction: Results from CV Safety Outcome Trials (CVSOTs) A non-statistical trend was observed in the reduction of non-fatal MI in most of the CVSOTs, including SAVOR-TIMI, TECOS, LEADER, ELIXA, and EMPA-REG [21, 26] .
Glimepiride Was Associated with Reduced Mortality Rates in DM Patients with CAD A retrospective cohort study conducted by Pantalone et al. suggested that the use of glimepiride was associated with reduced mortality rates in diabetic patients with CAD when compared with the use of glyburide [27] .
OAD Choice and Risk of Stroke
OADs with Neutral Outcome on Non-fatal Stroke: Evidence from CVSOTs Evidence from CVSOTs suggests that neutral outcome on nonfatal stroke was reported from the following trials: EXAMINE, TECOS, and LEADER. From these trial reports, it is evident that rates of nonfatal stroke in patients treated with OADs, including alogliptin, sitagliptin, and liraglutide, were non-significantly lower than in those treated with placebo [21, 22, 26] .
Pioglitazone Reduces Stroke in DM Patients
A meta-analysis conducted by Lee et al. on three randomized controlled studies reported that use of pioglitazone in stroke patients with insulin resistance, prediabetes, and DM was associated with a lower risk of recurrent stroke and future major vascular events [28] .
Cardiovascular Safety of Modern SU Gliclazide: ADVANCE Study
In the ADVANCE trial, 11,140 patients with type 2 diabetes were randomized to either standard glucose control or intensive glucose control with gliclazide (modified release) plus other drugs as required to achieve HbA 1c B 6.5%. The median duration of follow-up was 5 years.
Intensive glucose control was associated with a 10% relative reduction in the combined outcome of major macrovascular and microvascular events. Intensive glucose control was also associated with a 6%, 2%, 8%, and 2% reduction in major macrovascular events, non-fatal MI, major coronary events, and all coronary events [29] .
Ongoing CVOTs for SUs: The CAROLINA Trial
The Cardiovascular Outcome Study of Linagliptin Versus Glimepiride in Patients With Type 2 Diabetes (CAROLINA) trial has investigated the long-term impact on CV morbidity and mortality, relevant efficacy parameters (e.g., glycemic parameters), and safety (e.g., weight and hypoglycemia) of linagliptin in patients with type 2 diabetes at elevated CV risk receiving usual care and compared the outcome against glimepiride.
The primary outcome is time to the first occurrence of any of the following adjudicated components of the primary composite endpoint: CV death (including fatal stroke and fatal MI), non-fatal MI (excluding silent MI), or nonfatal stroke.
Linagliptin was non-inferior to glimepiride for time to first major adverse CV event in adults with type 2 diabetes at high CV risk. To date, detailed results are awaited [30] .
Key recommendations of the international task force
Key recommendations
Evidence and/or rationale Modern SUs (such as glimepiride) are found to maintain myocardial ischemic preconditioning with fewer CV side effects as compared to conventional SUs A preclinical trial conducted by Mocanu et al. [10] compared the effect of glimepiride vs. glibenclamide on ischemic preconditioning (IP) protection and the protection afforded by diazoxide, an opener of mitochondrial K ATP channels. The protective actions of IP or diazoxide were not eliminated by glimepiride; however, glibenclamide eliminated the infarctlimiting effects of IP and diazoxide
Evidence and/or rationale
Use of OADs in HF patients should be considered on the basis of the stages of HF
Patients with diabetes mellitus are at increased risk of developing heart failure because of the abnormal cardiac handling of glucose and free fatty acids (FFAs), and also due to the effect of the metabolic derangements of diabetes on the cardiovascular system. The metabolic risk of diabetes in heart failure is increased by the effect of most OADs, as the use of certain antidiabetic agents increases the risk of mortality and hospitalization for heart failure both in patients with and without heart failure. Therefore it is important to use OADs on the basis of the stage of HF [31] Strong suggestion for avoidance of metformin use in patients with acute stroke was proposed. However, it was decided that metformin could be considered for use in patients with stable HF Experimental studies suggest that neuronal AMP-activated protein kinase (AMPK) activation induced by metformin during the acute phase of stroke has adverse clinical implications, while glial AMPK activation plays a beneficial role. The experimental evidence also suggests that cerebral AMPK activation by metformin is detrimental to stroke outcomes, while peripheral AMPK activation by metformin reduces stoke-enhanced serum glucose levels [32] A study conducted by Romero et al. [19] Metformin: In failing hearts, metformin improves myocardial energy metabolic status through the activation of AMP (adenosine monophosphate)-activated protein kinase (AMPK) and the regulation of lipid and glucose metabolism. By increasing nitric oxide (NO) bioavailability, limiting interstitial fibrosis, reducing the deposition of advanced glycation end-products (AGEs), and inhibiting myocardial cell apoptosis, metformin reduces cardiac remodeling and hypertrophy, and thereby preserves left ventricular systolic and diastolic functions [36] . A study conducted by Romero et al. [19] suggested that metformin therapy was associated with a decreased mortality and hospitalization rate in patients with HF and new-onset DM SGLT2 inhibition promotes natriuresis and osmotic diuresis, leading to plasma volume contraction and reduced preload, as well as decreases in blood pressure, arterial stiffness, and afterload, thereby improving subendocardial blood flow in patients with HF. SGLT2 inhibition is also associated with preservation of renal function [37] Absolute contraindication Pioglitazone: The pioglitAzone Clinical Trial In macroVascular Events (PROactive Study) conducted by Erdmann et al. [23] proved that a larger number of patients treated with pioglitazone were reported to have serious HF compared to those treated with placebo [28, 29, 43, 44] .
The key contributing factor for the inadequate glycemic control in a real-world setting is poor medication adherence. Medication nonadherence accounted for approximately threequarters of the gap between real-world data and expected randomized controlled trial results (gap = 0.51%) [30, 45] .
Patient Adherence Adherence to and persistence with antidiabetic medications are crucial in patients with DM to achieve optimal clinical benefits. Increased adherence to medications is associated with a decrease in HbA 1c , decreased mortality rates, fewer all-cause hospitalizations,
Key recommendations
Evidence and/or rationale Preferred choice Modern SUs: Evidence from a randomized controlled study suggests that glimepiride exerts an inhibitory effect on the initiation and development of atherosclerosis [38] Metformin and DPP4i delay the progression of atherosclerosis by improving endothelial dysfunction and are thereby preferred in patients with peripheral arterial disease [39] Use with caution SGLT2i and conventional SU increase the atherosclerotic plaque and therefore should be used with caution [39] May use: Pioglitazone, AGI Modern SU: Glimepiride increases high-density lipoprotein cholesterol by increasing adiponectin levels [40] Metformin: Metformin reduces LDL cholesterol and triglycerides and increases HDL cholesterol [41] DPP4i, SGLT2i, and pioglitazone: Increase HDL cholesterol [41] Use with caution Metformin: In a population-based cohort study, metformin use was associated with a decreased risk of atrial fibrillation in patients with T2DM who were not using other antidiabetic medication.
Reduced atrial fibrillation risk could be attributed to attenuation of atrial cell tachycardia-induced myolysis and oxidative stress [42] Use with caution Conventional SU: glibenclamide interferes with the beneficial action of K ATP channel opening during acute ischemia-reperfusion events and therefore should be cautiously used in patients with arrhythmias [1] May use: Modern SU, DPP4i, SGLT2i, AGI
Use with caution, only if necessary: Conventional SU, pioglitazone and lower healthcare expenditure. Approximately 699,000 emergency room visits and 341,000 hospitalizations per year can be averted with long-term adherence to and persistence with antidiabetic medications, resulting in yearly savings of nearly US$5 billion [31, 46] . Adherence to medications is important to achieve an effective therapeutic outcome. A retrospective cohort study conducted by Ho et al. evaluated the association between medication non-adherence and all-cause hospitalization and all-cause mortality. It was found that the non-adherent patients had higher allcause hospitalization and all-cause mortality when compared to adherent patients [32, 47] . Compliance to and non-persistence with prescribed medication regimens also resulted in increased morbidity and mortality as well as increased healthcare costs [33, 48] .
Physicians'
Communication Physicians' communication has a major impact on adherence. Communication contributes to a better understanding among patients about the illness and the risks and benefits of treatment. Support, empathy, understanding, collaborative partnerships, and patient-centered interviewing are essential for improving effective communication and enhancing adherence [34] . In a metaanalysis conducted by Haskard Zolnierek et al. of across 106 studies, a strong relationship was identified between patient adherence and physicians' communication. Non-adherence was found to be more than 1.47 times greater among individuals whose physician was a poor communicator. The odds ratio of a patient adhering is 2.16 times better if the physician is a good communicator [34, 49] .
A study conducted by Kurlander et al. suggested that non-adherence is influenced primarily by financial reasons, whereas patients who selectively reduce their diabetes treatments are influenced by their mood and medication beliefs [35, 50] .
Affordability and Improved Adherence with Modern SUs Modern SUs offer superior glycemic efficacy and are also available at a reasonable cost. Treatment with modern SUs is associated with a lower economic burden, and hence they are an effective alternative to other newer antidiabetic drugs. Sulfonylureas have an oral route of administration (vs. injectable insulins and GLP-1 analogs) and a once-daily dosing schedule (vs. once to twice daily for metformin and three times daily for alpha-glucosidase inhibitors and glinides). The once-daily dosing ensures better patient adherence to the medication, unlike its comparator drugs [1] .
Key recommendations of the international task force
Key recommendations
Evidence and/or rationale Treatment with modern SUs is associated with a lower economic burden and better patient adherence, and hence can be considered as an effective alternative to other newer antidiabetic drugs South Asia consensus statement recommends modern SUs as an effective alternative to other antidiabetic medications; SU-containing dual or triple fixed dose combinations, if available, (with drugs that have complementary modes of action) reduce cost, offer convenience, and improve patient adherence [1] The panel also highlighted the role of physicians in proper communication about the illness and the risks and benefits of treatment. Support, empathy, understanding, collaborative partnerships, and patient-centered interviewing are essential for improving effective communication and enhancing adherence [34] In a meta-analysis conducted by Haskard Zolnierek et al. of across 106 studies, a strong relationship was identified between patient adherence and physicians' communication [49] CONCLUSION Sulfonylureas are an asset in diabetes care. Owing to their safety, efficacy, extra-pancreatic benefits, and low cost of therapy, modern SUs could be considered as drugs of choice for the treatment of diabetes. The concept of glucocrinology should be implemented in the management of diabetes to achieve holistic care and best clinical outcomes. tance, guidance and expertise in convening an expert forum meeting. The content published herein represents the views and opinions of the various contributing authors and does not necessarily represent the views or opinion of Sanofi and/or its affiliates. The details published herein are intended for informational, educational, academic, and/or research purposes and are not intended to substitute for professional medical advice, diagnosis, or treatment.
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